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1. Introdução
2DJURQHJyFLREUDVLOHLURpUHVSRQViYHOSRUGR3URGXWR,QWHUQR%UXWR3,%2SDtVpXPJUDQGH
SURGXWRUHH[SRUWDGRUGRFRPSOH[RGHVRMDJUmRIDUHORHyOHR0$3$3DUDDXPHQWDUDSURGXWLYLGDGHH
UHGX]LUGHVSHUGtFLRVpQHFHVViULRGHVHQYROYHUHTXLSDPHQWRVHVHQVRUHVFDSD]HVGHWRUQDURSURFHVVRGHSURGXomR
QRFDPSRPDLVH¿FLHQWHVXVWHQWiYHOHTXHOHYHHPFRQWDDYDULDELOLGDGHHVSDFLDOGDSURSULHGDGHDJUtFROD
1HVVHWUDEDOKRHQIDWL]DUHPRVDDSOLFDomRGDWpFQLFD/,%6SDUDDYDOLDURVHXSRWHQFLDOQDGLIHUHQFLDomR
HQWUHDPRVWUDVGHIROKDVGHVRMDFRPVLQWRPDVGH6RMD/RXFD,,6/,,HIROKDVGHVRMDVDGLDSRUPHLRGHVXD
DQiOLVHQXWULFLRQDO$6/,,pXPSUREOHPDGHFDXVDGHVFRQKHFLGDHTXHSRGHOHYDUDSHUGDVGHQDSURGXomR
(ODHVWiPDLVFRQFHQWUDGDQDVUHJL}HVPDLVTXHQWHVGR%UDVLOFRPR0DWR*URVVR7RFDQWLQVH*RLiVPDVMiHVWi
VHHVSDOKDQGRSDUDDVUHJL}HVPDLVWHPSHUDGDVQRVXO2/,%6WHPDYDQWDJHPGHQmRQHFHVVLWDUGHSUHSDURGH
DPRVWUDRXH[LJHPXLWRSRXFRSUHSDURGHDPRVWUD5$18/),6$1726-UGHPRGRTXHpSRVVtYHO
REWHUDQiOLVHVHPWHPSRUHDOHVHPRFRUUrQFLDGHFRQWDPLQDo}HVVHFXQGiULDVGLIHUHQWHGRTXHRFRUUHFRPRXWUDV
WpFQLFDVGHUHIHUrQFLDFRPXPHQWHXWLOL]DGDVSDUDDQiOLVHHOHPHQWDUFRPR,&32(6H,&306TXHH[LJHPXP
ODERULRVRSUHSDURGHDPRVWUDQDIRUPDOtTXLGDSRUPHLRGDGLJHVWmRiFLGD<$2et al$OpPGLVVRR/,%6
SHUPLWHDGHWHFomRGHWRGRVRVHOHPHQWRVGDWDEHODSHULyGLFDFRPXPDTXDQWLGDGHPXLWRSHTXHQDGHPDWHULDOHP
WRUQRGH+JGHPDWHULDODQDOLVDGR
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2. Materiais e Métodos
2.1. Preparação das amostras
$VDPRVWUDVGHIROKDVGHVRMDVmRSURYHQLHQWHVGDUHJLmRGH3HGUR$IRQVRQR7RFDQWLQV'RLVFRQMXQWRV
GHDPRVWUDVIRUDPDYDOLDGRVDPRVWUDVVDGLDVHDPRVWUDVGHIROKDVGHVRMDFRPVLQWRPDVGH6/,,7RGDVDVIROKDV
IRUDPOLPSDVFRPDOJRGmRXPHGHFLGRHPiJXDGHVWLODGDHVHFDV$SyVRSURFHVVRGHOLPSH]DDVIROKDVIRUDP
WULWXUDGDVPDQXDOPHQWHHFRORFDGDVHPXPDHVWXIDjo&GXUDQWHKRUDV8PDYH]VHFDHODVSDVVDUDPSRU
XPSURFHVVRGHPRDJHPFULRJrQLFDPDQXDO3RU¿PJGHIROKDVPRtGDVIRUDPLQWURGX]LGDVHPXPSDVWLOKDGRU
HSUHQVDGDVjDOWDSUHVVmR)RUDPFRQIHFFLRQDGDVSDVWLOKDVFRPDPRVWUDVGHIROKDVVDGLDVHSDVWLOKDVGH
DPRVWUDVGHIROKDVFRPVLQWRPDGH6/,,)RUDPREWLGRVHVSHFWURVSRUSDVWLOKDWLURVHPFDGDIDFHGHPRGR
DPLQLPL]DUSUREOHPDVFRPUHODomRjKHWHURJHQHLGDGHGDDPRVWUDMiTXHDTXDQWLGDGHGHPDWHULDODQDOLVDGRSHOD
WpFQLFDpEDL[DHSURYpPGHXPDUHJLmRPXLWRSHTXHQDGDPHVPD
2.2. Instrumentação LIBS
2PRGHOR GR HTXLSDPHQWR XWLOL]DGR IRL XP/,%6 GD HPSUHVD2FHDQ2SWLFV FRPSRVWR SRU XP
Q-switched ODVHUGH1G<$*FRPSXOVRVGHQVFRPFRPSULPHQWRGHRQGDGHHPLVVmRGHQPHHQHUJLDPi-
[LPDHPWRUQRGHP-2VLVWHPDGHGHWHFomRpFRPSRVWRSRUXPFRQMXQWRGHVHWHPLQLHVSHFWU{PHWURVGHDOWD
UHVROXomRQPTXHDEUDQJHDIDL[DHVSHFWUDOTXHYDLGRXOWUDYLROHWDSURIXQGRQPDWpRLQIUDYHUPHOKR
PpGLRQP3RU¿PXPGHWHFWRUWLSR&&'ID]RUHJLVWURGHFDGDXPDGDVOLQKDVHVSHFWUDLV7RGDVDVPHGLGDV
HIHWXDGDVFRPRQRVVRVLVWHPD/,%6IRUDPUHDOL]DGDVHPDWPRVIHUDDPELHQWH
7UDWDPHQWRGRVGDGRV,GHQWL¿FDomRGRVSLFRV
)RLIHLWDDLGHQWL¿FDomRGRVSLFRVWtSLFRVHQFRQWUDGRVQDVDPRVWUDVGHIROKDVGHVRMDDWUDYpVGDEDVHGH
GDGRVGR1,67'HYLGRDRJUDQGHQ~PHURGHSRVVLELOLGDGHVGHFODVVL¿FDomRGRVSLFRVDDQiOLVHVHFRQFHQWURXQRV
PDFURQXWULHQWHV13.&D0JHPLFURQXWULHQWHV)H6L0QH=Q3DUDDLGHQWL¿FDomRGDVOLQKDVHVSHFWUDLV
RVHVSHFWURVIRUDPQRUPDOL]DGRVSHODiUHDGHFDGDXPGRVVHWHHVSHFWU{PHWURV(PVHJXLGDDPpGLDSRUDPRVWUD
IRLFDOFXODGDXPDYH]TXHSDUDFDGDSDVWLOKDIRUDPREWLGRVHVSHFWURV3DUDFRPSDUDUDVDPRVWUDVHYHUL¿FDUD
H[LVWrQFLDGHGLIHUHQoDVHVWDWtVWLFDVVLJQL¿FDWLYDVHQWUHDVPpGLDVGRVGRLVJUXSRVGHGDGRVXWLOL]RXVHRWHVWHGH
KLSyWHVHELODWHUDO7HVWHWFRPQtYHOGHVLJQL¿FkQFLDGHSRQWRDSRQWRGRHVSHFWUR(PVHJXLGDFDOFXORXVH
DiUHDHPEDL[RGHFDGDFXUYDQDVUHJL}HVTXHDSUHVHQWDUDPGLIHUHQoDVHVWDWtVWLFDVVLJQL¿FDWLYDVDSDUWLUGHXP
SHU¿O/RUHQW]LDQR2VYDORUHVGHiUHDVIRUDPDYDOLDGRVDWUDYpVGDDQiOLVHGHFRPSRQHQWHVSULQFLSDLV3&$SDUD
YHUL¿FDUVHpSRVVtYHOVHSDUiORVSRUPHLRGHVXDVVLPLODULGDGHVHGLIHUHQoDV7RGRVHVVHVSURFHVVDPHQWRVIRUDP
UHDOL]DGRVSRUPHLRGHURWLQDVQRVRIWZDUH0DWODE
3. Resultados e Discussão
$)LJXUDH[HPSOL¿FDRHVSHFWUR/,%6WtSLFRGDSULPHLUDUHJLmRHVSHFWUDOREWLGRDSDUWLUGHSDVWLOKDV
SUHSDUDGDVFRPIROKDVGHVRMDFRP6/,,HVDGLDV3DUDDPEDVDVDPRVWUDVGHIROKDVRVHOHPHQWRVLGHQWL¿FDGRV
QHVVDUHJLmRIRUDP&,0J,,0J,)H,=Q,H6L,
)LJXUD(VSHFWUR/,%6GDSULPHLUDUHJLmRHVSHFWUDOHDOJXQVGRVQXWULHQWHVLGHQWL¿FDGRVGHQWURGHVVH
LQWHUYDOR(PYHUGHREVHUYDVHRUHVXOWDGRGRSYDORUREWLGRFRPR7HVWHW
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6LPLODUPHQWHDRVUHVXOWDGRVGD)LJXUDWDPEpPIRUDPLGHQWL¿FDGRVRVHOHPHQWRV&D1+21D7L
.H5EQDVRXWUDVMDQHODVHVSHFWUDLV8PDYH]TXHDVLQWHQVLGDGHVGDVOLQKDVUHJLVWUDGDVQRHVSHFWURSRGHPVHU
DVVRFLDGDVjFRQFHQWUDomRGHVVHVHOHPHQWRVQDDPRVWUDREVHUYDUDPVHGLIHUHQWHVFRQFHQWUDo}HVGHVVHVHOHPHQWRV
HQWUHSDVWLOKDVGHIROKDVGHVRMDVDGLDVHDVSDVWLOKDVGHIROKDVFRPVLQWRPDGH6/,,$)LJXUDLOXVWUDDViUHDVGRV
SLFRVGH.,H0J,,2EVHUYDVHTXHDFRQFHQWUDomRGH.,pPDLRUQDVDPRVWUDVGHIROKDVFRP6/,,GRTXHQDV
SDVWLOKDVSUHSDUDGDVFRPIROKDV6DGLDVGHVRMD1RFDVRGDDQiOLVHGDViUHDVGRHOHPHQWR0J,,HODpPDLRUSDUD
DVDPRVWUDVGHIROKDVVDGLDVGRTXHSDUDDVSDVWLOKDVSUHSDUDGDVFRPDPRVWUDVGHIROKDVFRP6/,,
)LJXUDÈUHDFDOFXODGDDWUDYpVGRSHU¿O/RUHQW]LDQRGRVSLFRVGH.,H0J,,LGHQWL¿FDGRVQRVHVSHFWURV
GHIROKDVGHVRMDVDGLDHFRP6/,,2EVHUYDVHTXHDFRQFHQWUDomRGH0J,,UHGX]VHQDSUHVHQoDGRVVLQWRPDV
GH6/,,HTXHDFRQFHQWUDomRGH.,DXPHQWDQDIROKDFRPVLQWRPDGH6/,,
3DUDRFDVRGHHOHPHQWRVFRPR)H,&D,0J,H6L,WDPEpPREVHUYRXVHXPDFRQFHQWUDomRPDLRUQDV
SDVWLOKDVSUHSDUDGDVFRPIROKDV6DGLDV2XWURVHOHPHQWRVFRPR1D,H=Q,DSUHVHQWDUDPFRQFHQWUDomRPDLRUQDV
SDVWLOKDVSUHSDUDGDVFRPDPRVWUDVGHIROKDV6/,,'HVVDIRUPDDSyVDDSOLFDomRGR7HVWHWHDGHWHUPLQDomR
GRVLQWHUYDORVHVSHFWUDLVFXMDPpGLDDSUHVHQWRXPDLRUHVGLIHUHQoDVHVWDWtVWLFDVDSOLFRXVHDDQiOLVHGH3&$FRPR
PRVWUDD)LJXUDHIRLSRVVtYHOGLIHUHQFLiODVDWUDYpVGRSDGUmRHVSHFWUDOWtSLFR
)LJXUD$QiOLVHGRVFRPSRQHQWHVSULQFLSDLV3&$GRVGRLVWLSRVGHDPRVWUDVDQDOLVDGDVeSRVVtYHO
REVHUYDURUHFRQKHFLPHQWRGHXPSDGUmRHVSHFWUDOHVSHFt¿FRGHFDGDXPDGHODV
3RU¿PIRLFRQVWUXtGRXPFODVVL¿FDGRULQGX]LGRYLDUHJUHVVmRSRUPtQLPRVTXDGUDGRVSDUFLDLV3/65
HDYDOLDGRSRUYDOLGDomRFUX]DGD2VUHVXOWDGRVGDFODVVL¿FDomRHVWmRQDPDWUL]GHFRQIXVmRGD7DEHOD1HVVD
PDWUL]FDGDXPDGDVOLQKDVUHSUHVHQWDXPWLSRGHDPRVWUDTXHHVWiVHQGRFODVVL¿FDGDHDFROXQDUHSUHVHQWDFRPR
HODIRLFODVVL¿FDGD$WUDYpVGRVUHVXOWDGRVGDGLDJRQDOSULQFLSDOGDPDWUL]FRQIXVmRRDFHUWRGRFODVVL¿FDGRUIRL
GHPRVWUDQGRRJUDQGHSRWHQFLDOGDWpFQLFDHPGLIHUHQFLDUDVDQLGDGHGDVIROKDVDWUDYpVGRSDGUmRHVSHFWUDO
7DEHOD0DWUL]GHFRQIXVmRREWLGDFRPRFODVVL¿FDGRULQGX]LGRYLD3/652DFHUWRGRFODVVL¿FDGRUIRL
GH
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4. Conclusões
$XWLOL]DomRGDWpFQLFDHVSHFWURVFySLFD/,%6PRVWURXJUDQGHSRWHQFLDOQDLQYHVWLJDomRGDFRPSRVLomR
HOHPHQWDUGDVIROKDVHVXDDVVRFLDomRFRPDVDQLGDGHGDSODQWD)RLSRVVtYHOHQFRQWUDUXPSDGUmRWtSLFRGHYDULD-
omRHOHPHQWDUFDUDFWHUtVWLFRGHFDGDXPGRVJUXSRVGHIROKDVGHVRMDDQDOLVDGDVDWUDYpVGDDQiOLVHGHFRPSRQHQWHV
SULQFLSDLV&RPHVWHHVWXGRpSRVVtYHOLQIHULURJUDQGHSRWHQFLDOGDWpFQLFDFRPRXPDIRUPDDOWHUQDWLYDGHGLDJ-
QyVWLFR3RUVHUXPDWpFQLFDUREXVWDHSRXFRFRPSOH[DQRTXHGL]UHVSHLWRjLQVWUXPHQWDomRpSRVVtYHORGHVHQYRO-
YLPHQWRGHHTXLSDPHQWRVSRUWiWHLV/,%6SDUDDQiOLVHVHPFDPSR'HVVDIRUPDpSRVVtYHOREWHUUHVXOWDGRVUiSLGRV
HHPJUDQGHHVFDODQRFDPSRVHPDQHFHVVLGDGHGHiUGXRHGHPRUDGRSUHSDURGHDPRVWUDVHVHPDSURGXomRGH
UHVtGXRVTXtPLFRVFRQWULEXLQGRSDUDSUiWLFDVVXVWHQWiYHLVQDDJULFXOWXUDHIDFLOLWDQGRRSURGXWRUQRPDQHMRGLiULR
HQDWRPDGDGHGHFLVmRPDLVUiSLGD
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